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Abstract In Fennoscandian boreal forests, aspen (Populus tremula) is one of the most
important tree species for biodiversity. In this study we explore how occupancy and density
of beetles associated with dead aspen are related to habitat patch size and connectedness in
a 45,000 ha boreal managed forest landscape in central Sweden. Patch size was estimated
as amount of breeding substrate and connectedness as crown cover of living aspen in the
surrounding landscape. The beetles were sampled by sieving of bark or by inspection of
species-characteristic galleries in 56 patches with dead aspen. Six of nine aspen-associated
species (Xylotrechus rusticus, Ptilinus fuscus, Mycetophagus fulvicollis, Cyphaea curtula,
Homalota plana and Endomychus coccineus) showed a positive significant relationship
between habitat patch size and occupancy. For all these species, except C. curtula, there
was also a significant positive relationship between patch size and density. Connectedness
was not retained as a significant variable in the analyses. Species not defined as aspen-
associated constituted a significantly larger proportion of the total density of individuals of
saproxylic beetles in smaller habitat patches than in larger patches. Richness of aspen-
associated species was positively related to habitat patch size. Efforts in the managed forest
should be directed towards preserving and creating larger patches of living and dead aspen
trees and increasing the amount of aspen at the landscape level.
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Introduction

Habitat loss and fragmentation due to human land use are major threats to biodiversity
(Ehrlich 1988; Baille et al. 2004). Decreasing habitat patch size and increasing patch
isolation negatively affect species richness (MacArthur and Wilson 1967; Drakare et al.
2006; Watling and Donelly 2006). Also the occupancy (i.e., if present or absent) of
individual species, that underlie the diversity patterns, has been demonstrated to be
affected by habitat patch size and isolation. With decreasing patch size and increasing
isolation the probability that a patch is occupied may decrease (Prugh et al. 2008). In a
synthesis including 1,015 bird, mammal, reptile, amphibian and invertebrate population
networks, patch area was a better predictor of occupancy than isolation: area alone
accounted for 13% of the deviance in occupancy versus 3% accounted for isolation
alone. A positive relationship between habitat patch size and occupancy may be caused
by smaller patches having lower immigration rates and higher extinction rates (Root
1973, Hanski 1999). However, it could also just be an effect of small habitat patches
being samples of larger ones, because even if the density is the same in small and large
patches, species occurring at low densities will be absent from small patches more
often. This has been referred to as the random sample hypothesis (Andrén 1996).
Rejection of the random sample hypothesis requires density data from both small and
large patches.

In Fennoscandia, most of the forests have been under production management since
the nineteenth or twentieth century (Ostlund et al. 1997; Kouki et al. 2001), which has
resulted in a lower amount of coarse woody debris (CWD) compared to natural forests
(Linder and Ostlund 1998). Surveys in Fennoscandian forests suggest that the volume of
CWD has been reduced by 90-98% because of forestry (Siitonen 2001). In accordance
with this, populations of many saproxylic (dependent on dead wood) species have
declined (Gérdenfors 2005). In the present study we analyse the occurrence of saproxylic
beetles associated with aspen (Populus tremula). In Fennoscandian boreal forests, aspen
is one of the most important tree species for biodiversity; for instance, in Finland it
harbours a higher proportion of critically endangered species than any other tree species
(Tikkanen et al. 2006). In Fennoscandia, aspen has been regarded as a pest species and
was killed with herbicides until recently. In the longer perspective there is also a concern
for a low regeneration rate of aspen. Fire suppression (Zackrisson 1985) and high
browsing pressure (Angelstam et al. 2000; Kouki et al. 2004) have been suggested as
explanations for the low rate of aspen regeneration (but see Zakrisson et al. 2007). Thus
there is a risk for a future bottleneck for aspen-associated species even in areas that
currently contain mature aspen stands (Kouki et al. 2004). Aspen has an aggregated
growth pattern because of its ability to generate asexually by suckering and as a con-
sequence aspen CWD is spatially clustered in patches differing in size from single dead
trees to large groups of dead trees.

In this study we analyse the importance of habitat patch size, and other patch charac-
teristics, and habitat connectedness, for the occupancy and density of individual saproxylic
beetles associated with aspen. We also test if the proportion of the summed beetle indi-
viduals constituted by other species (i.e., not aspen-associated) are related to patch size.
This was done because the density of generalist species may increase in smaller patches
which may negatively affect habitat specialists (As 1993; Burke and Nol 2000; Henle et al.
2004).
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Materials and methods
Study area

The study was carried out in a managed forest landscape north-west of Delsbo in the
province of Hilsingland, central Sweden (62°N, 13°E). The landscape is situated in the
mid-boreal vegetation zone (Ahti et al. 1968). The size of the study landscape is 45,000 ha.
The forest is dominated by Scots pine (Pinus silvestris L.) and Norway spruce (Picea abies
Karst.). One forest company (Holmen Skog AB) almost exclusively owns the land, and the
study landscape is also included in the same management unit, and therefore the man-
agement regime is similar over the entire area. Since 1998, management follows the FSC-
standard (Anon. 2000). During 1995 and 2000 most living aspen trees were retained at final
cuttings (hereafter denoted clearcuts). After 2000, this green-tree retention was mainly
limited to leaving groups of living trees (P.G. Jacobsson pers. comm.). Based on the
interpretation of aerial photography (see below) living aspen trees covered 1.33% of the
forest area in the landscape and 0.98% of the total area.

Patch selection

On the 30th of May 2002, 27,500 ha of the 45,000 ha study landscape were photographed
using infrared aerial photography at a height of 4,600 m. The photographs were taken just
after leaf-flush, to enable identification of aspen. Crown cover of mature aspen (canopy
height >20 m) was interpreted from the photographs. Polygons were formed for areas
interpreted as mature aspen and these polygons were classified based on percentage of
aspen crown cover.

Based on the interpretation of the aerial photographs and on information from the forest
company 42 patches with aspen were selected within the photographed landscape and an
additional 14 patches outside the photographed landscape. Of these 32 were situated on
clearcuts and 24 in closed forest stands. The clearcut sites had been cut during the last
13 years. The minimum distance between selected patches was at least 500 m except in
two cases. Delimitation of forest patches was based on aspen crown cover polygons. For
patches on clearcuts the whole clearcut area was included in the patch size (since aspen
trees may have been cut during final felling).

Estimation of habitat connectedness

Crown cover of living mature aspen trees was used as an estimate of habitat connectedness
for saproxylic beetles associated with aspen. Thus, we assumed that there is a correlation
between the crown cover of living aspen and the amount of dead aspen trees. For the 42
patches within the photographed landscape, the habitat connectedness (area of aspen crown
cover) in the surrounding landscape was calculated at 3 different spatial scales (buffers
with radius of 500 m, 750 m and 1,000 m) using ESRI ArcMap (v. 8.2). For intersections
partly outside the aerial photography area the mean aspen crown cover was calculated for
the part located inside the photographed area, which was then assumed to be of equal
composition as the part outside. Only patches where at least 60% of the intersection was
inside of the aerial photography area were used in the calculations. Mean values and ranges
of connectedness are listed in Table 1.
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Table 1 Acronyms, explanations, mean values and ranges for patch variables and habitat connectedness
per site

Variable Explanation N Minimum Maximum Mean
BARK Amount of bark on aspen CWD (m?) 56 0.05 178.00 51.61
NOBARK Amount of surface area without bark 56 1.00 390.96 71.09
on aspen CWD (m?)
VOLUME Volume of aspen CWD (m%) 56 0.05 30.32 6.86
CWDNUMBER Number of CWD objects 56 1 95 27.38
AREA Area of site (ha) 56 0.20 46.82 12.34
STANDING Proportion of standing CWD objects (%) 56 0 100 32.99
CC/FOR Clearcut or forest site, 0 = clearcut (n = 32), 56 0 1 -
1 = forest (n = 24)
A500 Crowncover of living aspen, 500 m radius (%) 42 0 22.90 3.13
A750 Crowncover of living aspen, 750 m radius (%) 42 0 25.17 4.38
A1000 Crowncover of living aspen, 1,000 m radius (%) 42 0.02 30.29 5.45

Measurements of aspen CWD in patches

All aspen CWD with a diameter >10 cm, and standing CWD with a height >50 cm were
recorded for each patch. Diameter, length for lying CWD, height for snags and percentage
of surface area covered by bark (in 10% classes) was measured for each individual CWD
object. For a more detailed description of the CWD estimates see Sahlin and Ranius
(2009). As we made a total survey of aspen CWD at every patch, we could obtain direct
estimates of the bark areas and volumes per patch. Mean values and ranges for patch
variables are listed in Table 1.

Beetle sampling

We used direct sampling of beetles in aspen CWD. With direct sampling we can be sure
that recorded species really have colonised the CWD in our sampled patches and it is also
possible to estimate the proportion of occupied CWD objects within patches. Two methods
of direct sampling were used: (i) recording presence of species-specific emergence holes
and larval galleries of Xylotrechus rusticus, Saperda perforata and Ptilinus fuscus on all
dead wood objects of aspen in each patch, and (ii) sieving of 0.5 m? bark on 10 randomly
selected dead aspen trunks per patch. In patches with less than 10 aspen CWD objects with
enough bark for a 0.5 m? sample, all available objects were sieved (but still a 0.5 m>
sample per object). Whenever possible, both standing and lying CWD objects were sieved.
The sieving was done in late September to early October in 2002-2004. Autumn is ideal
for sampling by sieving because it is the period when the highest number of beetle species
is present under the bark (Wikars et al. 2005). Sieved samples were extracted using
Tullgren funnels (30 cm wide, 8 mm mesh size) (New 1998). 60 W light bulbs were used
as heat and light source, and extraction lasted for at least 24 h. All adult beetles, along with
the larvae of Endomychus coccineus, were determined to species.

Analyses

Only saproxylic beetles were included in the analyses. The species were divided into two
groups: aspen-associated and generalist species. All species that according to Palm (1959)
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and Dahlberg and Stokland (2004) prefer aspen CWD over other tree species were clas-
sified as aspen-associated. The remaining species were classified as generalist species (i.e.,
species preferring other tree species than aspen).

Single species analyses were conducted for nine aspen-associated species that fulfilled
the requirement of being recorded from at least ten CWD objects. Analyses of species
richness included all 13 aspen-associated species that were recorded in the study. The
analyses were conducted in three steps. (i) Both patch variables and habitat connectedness
were included as explanatory variables for occupancy of single species and species rich-
ness. This analysis included only the 42 patches for which connectedness data (i.e., aspen
crown cover) was available. (ii) Only patch size, defined as area with or without bark on
aspen CWD, was included as explanatory variable because this was the dominant signif-
icant variable in the first analysis. In addition to occupancy also densities (proportion
colonised CWD objects and densities of individuals) within patches was related to patch
area. These analyses included all the 56 sampled patches (i.e., also those for which con-
nectedness data was lacking). (iii) Total densities of individuals of aspen-associated and
generalist species were related to habitat patch size.

The influence of patch characteristics and connectedness for occupancy of each one of
the nine species was analysed with logistic regression and for total aspen-associated
species richness with multiple linear regression. Many of the patch characteristics were
correlated with each other (Table 2). Of the five variables reflecting habitat patch size
(VOLUME, BARK, NOBARK, CWDNUMBER, AREA; see Table 1 for explanations)
BARK and NOBARK were chosen because they best describe the available habitat amount
for the studied aspen-associated species. All species except one (Ptilinus fuscus) mainly
develop under the bark (Freude et al. 1967, 1969; Svacha and Danilevsky 1988; Koch
1989, 1992; Klausnitzer 2001). For P. fuscus the mantle area without bark (NOBARK) was
used instead because it breeds in wood without bark (Palm, 1959, Freude et al. 1969).
Thus, the patch characteristics included in the regressions were BARK or NOBARK,
STANDING (percentage of standing CWD) and CC/FOR (clearcut or forest patch). The
habitat connectedness measures were included one at a time in the regressions because they
were strongly correlated with each other. In the measures of habitat connectedness the
habitat amounts in the focal patches were not included. All proportion values (STAND-
ING, A500, A750 and A1000) were arcsine square-root transformed.

The influence of habitat patch size alone (expressed as area of bark (BARK) or without
bark (NOBARK) on aspen CWD) on occupancy was analysed with logistic regression,
while influence on proportion of occupied objects and density of individuals was analysed
with Kendall’s tau B. Estimates of mean proportion of occupied objects and mean densities
included also patches without occurrences. Density data was only available for species
sampled by sieving. Relationship between patch size and species richness was analysed
with linear regression. We also used volume of aspen CWD as a predictor because of its
earlier use in studies of species richness in saproxylic species.

Results

A total of 4,091 individuals belonging to 140 saproxylic beetle species, were collected by
sieving. Of these, 1,018 individuals (25%) belonging to 10 species (7%) were aspen-
associated (i.e., prefer aspen over other tree species) (Table 3). Three additional aspen-
associated species were recorded from galleries on CWD objects (Table 3). Three of the
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Table 3 Occupancy (proportion of colonised habitat patches), proportion of occupied CWD objects or
sieving samples per patch, and densities per patch of the 13 aspen-associated saproxylic beetle species
recorded in the study

Species Occupancy (%) Mean proportion Mean density
occupied (%) per m? bark

Histeridae

Platysoma deplanatum (Gyllenhal, 1808) 7.1 1.9 0.06
Leiodidae

Agathidium bicolor B. de Barneville, 1873 44.6 17.6 1.20
Staphylinidae

Homalota plana (Gyllenhal, 1810) 53.6 17.6 1.40

Cyphaea curtula (Erichson, 1837) 17.9 3.0 0.14
Anobiidae

Ptilinus fuscus Geoffroy, 1785 58.9 10.0 -
Cerylonidae

Cerylon ferrugineum Stephens, 1830 50.0 17.9 1.89

Cerylon deplanatum Gyllenhal, 1827 8.9 22 0.06
Endomychidae

Endomychus coccineus (Linnaeus, 1758) 214 5.2 0.56
Mycetophagidae

Mycetophagus fulvicollis Fabricius, 1792 19.6 5.0 0.29
Cerambycidae

Xylotrechus rusticus (Linnaeus, 1758) 75.0 19.0 -

Saperda perforata (Pallas, 1773) 14.3 0.9 -
Curculionidae

Trypophloeus bispinulus Eggers, 1927 3.6 0.6 0.01

Trypophloeus asperatus (Gyllenhal, 1813) 1.8 0.3 0.01

Ptilinus fuscus, Xylotrechus rusticus and Saperda perforata were recorded by the presence of galleries and
the remaining species by sieving. A total of 1,533 CWD objects were inspected for galleries and 363 CWD
objects (181.5 m?) were sieved

species are included in the Swedish red list (C. curtula, M. fulvicollis and T. asperatus), all
in the category near threatened (Girdenfors 2005).

Patch characteristics and habitat connectedness

There was a significant positive relationship between habitat patch size (area with or
without bark on aspen CWD) and occupancy of A. bicolor, H. plana, P. fuscus,
M. fulvicollis, C. ferrugineum and E. coccineus (Table 4). In addition, patch type (forest or
clearcut) was significantly related to occupancy of X. rusticus, favouring clearcuts. Also
species richness was positively related to habitat patch size (Table 4). Connectedness was
not retained as a significant variable for any of the species or for species richness.

Patch size alone (extended data set)

Six of the nine species (H. plana, C. curtula, P. fuscus, E. coccineus, M. fulvicollis and
X. rusticus) showed a significant positive relationship between habitat patch size and
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Table 4 Variables included in final models predicting occupancy (proportion of occupied patches) of
single species (logistic regression) and species richness (multiple linear regression) of aspen-associated
beetle species

Species Variable B P Exp(B)
Agathidium bicolor BARK 0.036 + 0.014 0.011 1.037
CC/FOR 1.663 £ 0.870 0.056 5.275
Homalota plana BARK 0.025 £ 0.011 0.018 1.025
Cyphaea curtula A750 4.904 + 2.928 0.094 134.879
Ptilinus fuscus STANDING 2914 £ 1.587 0.066 18.433
NOBARK 0.02 £ 0.009 0.026 1.021
A500 —6.993 £ 4.135 0.091 0.001
Cerylon ferrugineum BARK 0.027 £ 0.013 0.029 1.028
CC/FOR 1.310 £ 0.782 0.094 3.707
Endomychus coccineus BARK 0.025 + 0.010 0.013 1.025
Mycetophagus fulvicollis BARK 0.022 £ 0.010 0.023 1.023
A1000 —8.622 £ 5.520 0.118 0.000
Xylotrechus rusticus BARK 0.044 + 0.023 0.057 1.045
CC/FOR —2.574 £ 1.171 0.028 0.076
Saperda perforata BARK 0.014 £ 0.009 0.096 1.015
Species richness BARK 0.038 £ 0.006 <0.001 -

Significant (P < 0.05) P-values are given in bold. For explanation of variables see Table 1. N = 42

occupancy for the extended data set (Table 5, Fig. 1). For all these species, except
C. curtula, there was also a significant positive relationship between patch size and pro-
portion of occupied CWD objects (Table 5, Fig. 2). Density of individuals was signifi-
cantly related to patch size for H. plana, E. coccineus and M. fulvicollis (Table 5). Species
richness was significantly related to patch size defined as area bark and as volume of aspen
CWD (Figs. 3 and 4).

Generalist species

For the mean density of the summed individuals of generalist species (i.e., the saproxylic
species that were not defined as aspen-associated) there was no significant relationship with
habitat patch size (Kendall’s tau B = —0.020, P = 0.829, N = 54). The mean density of
aspen-associated species was close to significantly related to patch size (B = 0.182,
P = 0.054). Generalist species constituted a significantly larger proportion of the total
density in smaller habitat patches than in larger patches (B = 0.224, P = 0.018) (Fig. 5).

Discussion

In this study we demonstrate that habitat patch size, measured as area with or without bark
on aspen CWD, influence occurrence patterns of saproxylic aspen-associated beetles. For a
majority of the studied species there was a significant positive relationship between habitat
patch size and density (proportion of occupied CWD objects and density of individuals).
For these species we can thus reject the random sample hypothesis as an explanation for
the observed positive relationship between occupancy and patch size.
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Table 5 Relationship between habitat patch size and occupancy per patch, proportion of occupied CWD
objects and density within patches for single aspen-associated beetle species

Species Occupancy Prop. occupied Density
CWD objects

Agathidium bicolor - 0.088 0.064

P - 0.392 0.531
Homalota plana 0.024 0.304 0.303

P 0.004 0.003 0.003
Cyphaea curtula 0.016 0.141 0.144

P 0.033 0.199 0.188
Ptilinus fuscus 0.013 0.196 -

P 0.032 0.044 -
Cerylon ferrugineum - 0.028 0.061

P - 0.786 0.547
Endomychus coccineus 0.015 0.231 0.244

P 0.037 0.034 0.024
Mycetophagus fulvicollis 0.015 0.250 0.255

P 0.032 0.022 0.019
Xylotrechus rusticus 0.038 0.208 -

P 0.011 0.027 -
Saperda perforata - 0.063 -

P - 0.560 -

Patch size is estimated as CWD bark area except for P. fuscus where area without bark is used. For species
recorded from galleries no data are available for densities. For occupancy the estimated value of the
coefficient B (logistic regression) and P-value is given, for proportion of occupied objects and density the
correlation coefficient (Kendall’s tau B) is given, along with the P-value. Significant (P < 0.05) P-values
are given in bold. N = 56

Three processes that may have contributed to the observed density—area relationships
are: (i) Higher extinction risk in small than in large patches resulting in a higher proportion
of empty small patches. (ii) Patch size per se may influence immigration and emigration
rates. The resource concentration hypothesis, formulated by Root (1973) predicts that
specialist herbivores should reach higher densities in large patches as a result of larger
emigration rates from smaller patches and larger immigration rates into larger patches.
Later studies have explored how the rate of successful migration into habitat patches
differing in size may be a function of search behaviour, mode of patch detection and
mobility (e.g., Bowman et al. 2002; Hambéck and Englund 2005; Englund and Hambéck
2007). (iii) The density of generalist species may increase in smaller patches which may
negatively affect habitat specialists (As 1993; Burke and Nol 2000; Henle et al. 2004).

Our data support the hypothesis that extinctions are likely to occur frequently in smaller
patches of aspen CWD. Based on the densities in occupied patches the total number of
individuals in a patch with 20 m? bark (maximum size in the second smallest class in
Fig. 2) should be only 2040 for M. fulvicollis, H. plana and E. coccineus. In addition, in
such small patches suitable breeding substrate may not be continuously available.
Regarding search behaviour, mode of patch detection and dispersal capacity, nothing is
known about the studied species. We found some support for the hypothesis that generalist
species have negatively influenced the colonisation of aspen-associated species in the
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Fig. 1 Occupancy (proportion of occupied patches) in relation to habitat patch size for: A Homalota plana,
B Cyphaea curtula, C Ptilinus fuscus, D Endomychus coccineus, E Mycetophagus fulvicollis and F
Xylotrechus rusticus. Habitat patch size is defined as the area of bark on aspen CWD. N = 8 for <10 m?,
N = 13 for 10-20 m*, N = 12 for 20-50 m>, N = 15 for 50-100 m> and N = 8 for 100~180 m”. For P.
fuscus habitat patch size is defined as surface area without bark on aspen CWD. N = 10 for <10 m>, N = 6
for 10-20 m’, N = 15 for 20-50 m’, N = 12 for 50~100 m* and N = 13 for 100-400 m’

smaller habitat patches. The proportion of the total density of saproxylic beetle individuals
constituted by generalist species was positively related to habitat patch size. Smaller
patches, in which the probability for local extinctions of aspen-associated species can be
expected to be high, may be colonised rapidly by generalist species, which could result in a
competitive disadvantage for the aspen-associated species.

Based on modelling and empirical studies (including birds and mammals) a threshold
value of about 10-30% habitat, below which true fragmentation effects on population
persistence will occur, has been suggested (Andrén 1994; Fahrig 1998). The habitat
amount in the present study is much lower than this threshold. If we use the percentage of
the basal area of living forest constituted by aspen as a measure of habitat amount (no data
available for aspen CWD), aspen constitutes less than 0.5% in our study landscape (Anon.
2009). In addition, our study landscape currently holds much lower amount of habitat
compared to some other regions in Sweden that contain more than 15% of aspen (Anon.
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E Xylotrechus rusticus. Habitat patch size is defined as the area of bark on aspen CWD for all species except
P. fuscus. For P. fuscus habitat patch size is defined as surface area without bark on aspen CWD. For number
of replicates see legend of Fig. 1
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Fig. 3 Relationship between habitat patch size, expressed as bark area on aspen CWD, and number of
aspen-associated saproxylic beetle species. Each point represents one habitat patch. P < 0.001, N = 56
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Fig. 4 Relationship between 10 4
habitat patch size, expressed as *
volume of aspen CWD, and 8 | * * *

number of aspen-associated
saproxylic beetle species. Each
point represents one habitat
patch. P < 0.001, N = 56
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Fig. 5 Relationship between habitat patch size, expressed as bark area on aspen CWD, and the mean
proportion of the total density of saproxylic beetles constituted by aspen-associated beetles

2009) and in which areas known to host a rich fauna of aspen-associated saproxylic beetles
are located (Lundberg and Gustafsson 1995). Our study area has also experienced a 70%
decrease in area of old deciduous forest from 1967 to 2002 (data based on interpretation of
aerial photographs from 1967 and the aerial photographs of this study) (L.-O. Wikars pers.
comm.).

The species demonstrating a positive relationship between patch size and proportion of
occupied objects or density differs regarding preferences for breeding material. One spe-
cies, P. fuscus, breeds in CWD without bark while the other species utilise CWD with bark
(Freude et al. 1967; Freude et al. 1969; Svacha and Danilevsky 1988; Koch 1989; Koch
1992; Klausnitzer 2001). Three of the species (A. bicolor, E. coccineus and M. fulvicollis)
inhabits fungi-infected substrate. The variety of species responding to patch size implies
that our results may hold also for other aspen-associated beetles.

Only a few earlier studies have explored the relationship between habitat patch size and
the densities of saproxylic insect species. In a study by Ranius (2002, see also Ranius and
Fahrig 2006) the percentage of occupied hollow oak trees increased with increasing
number of hollow oaks per stand for three (Osmoderma eremita, Elater ferrugineus and
Tenebrio opacus) of eleven studied species. In a study by Komonen et al. (2000) the
proportion of fruiting bodies of the fungus Fomitopsis rosea colonised by the moth Ag-
nathosia mendicella was significantly lower in fragments of old-growth spruce swamp
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forests than in large continuous stands. In contrast, there was no relationship between storm
gap size and percentage of colonised storm-felled spruces or densities of colonising
individuals of the bark beetle Ips typographus (Eriksson et al. 2005; Schroeder 2010). The
bark beetle system differs from the other systems (including the present study) by a much
higher habitat amount. Spruce is one of the dominant tree species in Sweden while there
are only isolated stands of hollow oaks (Ranius 2002) and old-growth spruce swamp
forests. In addition, the dispersal rate of O. eremita (dispersal rate not studied for the other
species) (Ranius and Hedin 2001) is low while it is high for I. typographus (Forsse and
Solbreck 1985).

The positive relationship between richness of aspen-associated species and habitat patch
size is a result of both demographic processes and environmental heterogeneity. The
positive relationship for occupancy for many of the species has clearly contributed to the
observed relationship for species richness. The beetle species have somewhat different
substrate preferences (Sahlin and Ranius 2009) which in combination with a higher het-
erogeneity of aspen CWD in larger patches (with more sampled CWD objects) should
result in higher species richness in larger patches. Also in a study by Ranius (2002), on
saproxylic beetles inhabiting hollow oaks, there was a positive relationship between spe-
cies richness and patch size (number of hollow oaks in each stand).

The sieving regime (all CWD objects with bark sieved if ten or less, a maximum of ten
if more than ten CWD objects with bark) means that estimates of occupancy for single
species and species richness are more precise for small habitat patches than for larger
patches. If a higher proportion of the CWD objects had been sieved in the larger patches
the positive relationships between patch size and occupancy and patch size and species
richness could have been even stronger. For the three species recorded from presence of
galleries no bias exists because all CWD objects were inspected. In contrast to occupancy
and species richness, the proportion of occupied objects and densities of beetle individuals
are not influenced by sample effort.

Connectedness was not retained as a significant predictor of either occupancy or species
richness. The stronger effect of patch size compared with connectedness may be caused by:
(i) crown cover of living aspen trees may be a poor estimate of aspen CWD, (ii) our
connectedness measure gives no information about which habitat patches that are occupied
and thus can function as sources of immigrants (Prugh et al. 2008), (iii) most species were
not strictly associated to aspen but could also reproduce in other tree species, (iv) the
amount of deciduous forest (including aspen) has decreased strongly in the last decades
and occurrence patterns may thus still be more related to historical habitat distribution than
to current, and (v) the tested scales may have been too small.

Management implications

This study shows that the density of aspen-associated beetle species increases with habitat
patch size. Thus, efforts in the managed forest should be directed towards creating larger
patches of living and dead aspen trees and to increase the amount of aspen at the landscape
level. Living aspen trees in such patches should be retained during thinning and clear-
cutting operations and care should be taken not to destroy already existing aspen CWD
(Hautala et al. 2004; Ranius and Kindvall 2004). The latter could be achieved by careful
planning of logging and scarification operations to avoid destruction of aspen CWD. When
creating new aspen CWD (e.g., high stumps or cut trees) localities with already existing
aspen CWD should be favoured over localities without aspen CWD because this will result
in on average larger patches of aspen CWD.
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